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(71) We, Maschinenfabrik Fahr 
Aktienqbshllschaft Gottmadingbn of 
7702 Gottmadmgen. Germany, a German 
Company, do hereby declare the invention, 
for whidh we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by the following statement: — 

The mvention relates to an agricultural 
machme having a working implement which 
is arranged to be movable in height, at least 
a part of the wdght of said implement bemg 
supported by means of a lifting cylinder on 
the agricultural madiine or on a towing 
vehicle and the lifting cylinder being con- 
nected by way of a multi-way valve to a 
hydro pump. The agricultural machine may 
be self-propelled or drawn or pushed. 

With such agricultural machines, for ex- 
ample combine harvesters, many difEer^t 
arrangements are already known by ^iucb, 
when using a lifting cylinder i.e. of a hydrau- 
lic system, for the movement in height the 
functions •lift", "lower" and "neutral", and 
also a **release position" can be selected. 
Some of the valve arrangements provided 
for this purpose are quite complicated. They 
cannot in particular be used with tractor- 
drawn agricultural machines which have a 
movement in height, with which the three- 
way valve of the tractor hydraulic system has 
to be employed for operating the height 
movement for reasons of operation, simpli- 
city and cost 

According to the preset invention we 
provide an agricultural machine having a 
working implement arranged to be 
movable in hei^t, at least a part 
of the implement weight being supported 
by means of a lifting cylinder on the 
agricultural machine, the cylmder bemg con- 
nected by a multi-way valve to a hydro- 
pump, wherein a valve system is connected 
between the lifting cylinder and the midti- 
way valve, the said valve system consisting 
of a non-return valve which is open only 
upon feeding of the lif tmg cylinder vdth the 
pressurizing medium and a pressar&>limiting 



valve which prevents the pressure of said 
medium in said cylinder f alfing below a pre- 
determined level and is arranged in shunt 
with the non-return valve, and a hydropneu- 
matic storage unit coxmected to the hydrau- 
lic pipe between the pressure limiting valve 
and uie lifting cylinder. 

As regards a hydrppneumatic storage unit, 
this is a housing whidi is closed on sides 
and which can be connected with hydraulic 
pipes. Fixed inside the housing is a resilient 
diaphragm on the inside wall facing the 
hydraulic pipe connection. The space closed 
off by the diaphragm is filled with a gas, 
so that the diaphragm bears against the said 
inside wall of the housing of the hydropneu- 
matic storage unit imder the influence of 
the gas pressure, which unit is thus filled 
with gas having a certain filling pressure. If 
now file hydraulic pressure ^fective at the 
connection of the storage unit exceeds this 
filling pressure, then the gas is compressed 
and pressurised medium flows into the stor- 
age imit until a pressure balance is once 
again produced b€^use of the reduction in 
volume or the compressibility of the gas. 

By the use of such a hydropneumatic 
storage unit for improving the hydraulic lift- 
ing system, the r^ult is obtained that, in 
the "lower" position of the multi-way valve* 
there is per se an emptying of the storage 
unit so that with the implement in the vi<d- 
nity of the ground the storage unit is com- 
pletely emp^. If the implement. e.g. a ro- 
tary mower or reaper, has to be quiddy 
raised by adjusting tiie **lift" position of the 
valve in the event of an obstruction or the 
like, then first of all the emptied storage 
unit is filled and thus the liftmg operation 
is retarded in such a manner as to be no 
longer sufficient for counteracting any dam- 
age to the implement or to the obstacle 
which appears, m view of the rdativdy hig^ 
working speeds of the agricultural madunes, 
more espedally of rotary mowers. This dis- 
advantage is however effectively avoided by 
the construction as indicated above, ^ce 
the return pressure medinm flow from the 
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lifting cylinder is prestressed under all dr- 
cumstances by die action of the pressure- 
limiting valve, so that a corresponding pres- 
sure or a corresponding filling remains in the 
5 storage unit As a result, firstly the degree 
of relief at the hydraulic lifting system, i.e. 
that portion of the weight of the vertically 
movable parts of the agricultural machine 
taken up by this system, is reduced, and 

10 secondly the response tune of the hydraulic 
lifting system to the order '*liff * is reduced. 
The smaller the degree of relief, the smaller 
is also the response time. 
Since now only one non-return valve is 

15 provided for the pressure medium e.g. oil, 
feed in addition to the hydropneumatic stor- 
age unit and the pressure-limiting valve, 
tiie oil return flow must in every case pass 
through the pressure-limiting valve, so that 

20 the hydropneumatic storage unit is only par- 
tially emptied, providing a lower degree of 
reli^ and a short response time. 

Valves and storage unit are preferably as- 
sembled tog^er to form a single structural 

25 component in a piping-free compact arrange- 
ment This reduces the space requirement 
on the a^icultural machine which can be 
movable m hei^t and in addition the lia- 
bility of breakdown is also reduced, since 

30 no hydraulic pipes are to be provided which 
could in certain circumstances break on the 
agricultursd machine with rough field work 
and could make the lifting system incapable 
of operating. In addition, there is also ob- 

35 tained a reduction in cost as r^ards ma- 
terial and assembly. 

Preferably^ the structural component con- 
sists of a block, in whidi are disposed bores 
parallel to one another, one of said bores 

40 being formed as a non-return valve which 
can be released mechanically and the other 
as a pressure-limiting valve. Sudi a block 
is less susceptible to damage and can be 
fitted on the agricultural machine. It has 

45 relatively small dunensions and can be easily 
manufactured. 

The bores which are parallel to one an- 
othCT can be extended to the surface of tiie 
block for adjustmoit and measurement pur- 

50 poses. At the surface, tiie^ can be closed dEt 
by plugs, screws or the filce. possibily with 
a sealing action. At the same time, how- 
ever, th^ are readily accessible, insofar as 
the adjustment of the pressure-limiting 

55 valve, the connection of pressure gauges or 
the like are concerned. Assembly is also 
simplified. 

The use of an adjustable pressure-limiting 
valve is particularly expedient, because it is 

60 possible thereby to select the correct degree 
of relief or pretensioning value in accord- 
ance with particular requirments at the 
time. In addition, a suitable adaptation is 
possible after necessary modifications or 

65 with differ^ woricmg ranges of the operat- 



ing implement on the part of the agricul- 
tural machine which is movable in hei^t 
The possibility of adjusting the pressure- 
limiting valve is most easily achieved by 
providing a spring-loaded valve member, for 70 
example, a ball resting on a valve seat, it 
being possible to influence the pretension 
of tiie spring by a set screw. 

For the connections of the valves formed 
in the block in tiie manner as above des- 75 
cribed, two additional bores which are paral- 
lel to one another are preferably formed in 
the block, these latter bores bemg disposed 
perpendicular to the other pan: of bores and 
being arranged in the same plane of the 80 
structural group, intersecting me said pair. 
In this way. extremely short connecting 
paths are formed. The connecting pipes of 
the valves to one another and to the hydrau- 
lic lifting system are arranged inside the S5 
block. Piping systems and hydraulic pipes 
are thus not necessary for this purpose. 

The additicmal bores are preferably led 
out to one surface of the block to serve as 
connections for the lifting cylinder and the 90 
hydropump (the latter by way of the multi- 
way valve). Since the pairs of bores lie p»- 
pendicular to one another, the surface con- 
cerned is a surface not so far used for con- 
nections, plugs and the like, and this further 95 
contributes to the compact nature of the 
arrangem^t 

On the opposite surface, the hydropneu- 
matic storage unit can be flanged on to the 
other end of the bore which serves as con- 100 
nection for the lifting cylinder. Conse- 
quentiy. this storage umt is also connected 
without use of piping and in addition is held 
by the valve block itself. It is accordin^y 
sufficient to fix this block on the agricul- 105 
tural machine. A separate fixing for the 
hydropneumatic storage unit is no longer 
necessary. 

The block itself is advantageously maSe 
of paraJlelepipedic form, since this form 110 
provides particularly favourable fixing possi- 
bilities because of large bearing surfaces, for 
example, of one large side of the paraUele- 
pipedic block, and simultaneously favour- 
able connection possibilities, for example* at 115 
the four narrower sides of the paraUdepi- 
pedic block. 

Particular embodiments of the inven- 
tion will now be described by way of ex- 
ample only with reference to the aocom- 120 
panying drawings, wherein: — 

Figure 1 is a diagrammatic elevation of 
the hydraulic lift system, and 

Hgure 2 is a pr^erred embodiment of the 
structural group comprising the valve and 125 
storage unit 

Figure 1 shows diagrammatically a trac- 
tor-drawn agricultural machine, a frame 1 
of which agricultural machine bears by way 
of wheds 2 on the ground surfoce 3. An 130 
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implement carrier 4, which carries at least 
one revolving reaping or mowing member 5, 
is articulated on the frame 1 of the agri- 
cultural madilne so as to be movable in 
5 height An implement carrier 4 is supported 
an the frame 1 of the agricultural machine 
by way of a lift cylmder 6. which is in Its 
turn articulated on the implement carrier 
and on the frame 1. The said cylinder 6 is con- 

10 structed as a hydraulic cylinder. In the con- 
structional example whidi is illustrated, the 
piston rod of the piston in the hydraulic 
cylinder is articulated on the implement ear- 
ner 4, while the hydraulic cylinder itsdf is 

15 articulated on the frame L 

With tractor-drawn agricultural machines 
which are adjustable in height, the hydraulic 
system of a tractor 7 which is indicated in 
Figure 1 is used for feeding the lift cylinder 

20 6. The hydraulic syst^ of the tractor com- 
prises a hydropump 8 and a conventional 
three-way valve 9. A tank 10 and a hydrau- 
lic pipe 11 are also provided, to whidi the 
hydraulic system of the tractor-drawn Eigi- 

25 cultural machine can be connected. The 
symbols shown in hydraulic line 11 al- 
thou^ similar to that denoted by 15 as a 
non-return valve do not signify non return 
valves but merely denote connection fittings 

30 to enable the required connection to be 
made. The connection is effected by way of 
an expansion member 12 or coupling which 
is only indicated symbolically m Figure 1 
and comprises a flexible conduit or respec- 

35 tively a section of the hydraulic pipe which 
is variable in length. 

Arranged between the expansion mem- 
bers 12 and a hydraulic pipe 13 of the lift 
cylmder 6 is a structural group consisting of 

40 a hydropneiunatic storage unit 14 and a 
valve system. TTie hydropncumatic storage 
unit has in its interior a resilient diaphragm, 
by which a gas volume enclosed in the 
hydropneumatic storage unit 14 and the 

45 pressure oil volume in said unit are separ- 
ated from one another. The hydropneumatic 
storage unit is connected to the hydraulic 
pipe 13 between the lift cylinder 6 and the 
valve system. 

50 The valve system consists of a non-return 
valve 15 freeing the path for the oil to the 
hydraulic pipe 13 and to the lift cylinder 6, 
and in shunt witli the valve 15, there is pro- 
vided an adjustable pressure-limiting valve 

55 16 for prestressing the return flow of oiL A 
shut-off cock 17 indicated in broken lines 
serves for assembly purposes and is of no 
sifmificance for use in operation or for trans- 
port 

60 The functional symbols of the hydraulic 
lifting system which are indicated in Figure 
1 are familiar to the expert The functioning 
of the arrangement can moreover be readily 
appreciated from Hgure 1 and does not le- 

65 quire any furtiier explanation. 



Figure 2 shows the structural group in de- 
tail, in which the valve system and storage 
unit are combined in a compact structure 
free firom any intmonnectixig pipes. The 
valve system consists of a block 18. which 70 
can have a square outime and can be of a 
smaller hei^t than the side edges of its base 
surface. Formed in the block 18 are bores 

19 and 20 whidi are parallel with one an- 
other and are formed in die block 18 from 75 
sides which are opposite one another. The 
bore 19 is constructed as a non-return valve 

15 which can be mechanically released by 
means of a threaded bolt sealed off by an 
O-ring or as a shut-off code wtdie the bore 80 

20 is constructed as an adjustable pressure- 
limiting valve 16. Serving in each case as 
valve member is a ball moving against a 
valve seat The valve member of the pres- 
sure-limiting valve 16 is loaded by a spring 85 
21, of whid^ the pret»ision is adjustable by 
means of a set screw 22. For tms purpose 
the set screw 22 can be screwed in an mter- 

nal thread of the corresponding bore 20. 
It can be secured in its respective position 90 
by a small clamping screw 23. Access to it 
is provided by &e fact that the bore 20 is 
closed on this side by a closure screw 24 
with a sealing ring. The opposite end of the 
bore 20 has a known connecting union whic^ 95 
is covered with a kniurled cap 25 and to 
viiich can be connected a pressure gauge 
or the like for detecting the pressure in the 
hydraulic pipe 13 to the lifting cylinder 6 
and in the hydropneumatic storage unit 14. 100 
The bores 19 and 20 are in other respects 
constructed and shut off in the manner 
which is shown in Figure 2. 

In addition, two otiier bores 26 and 27 
which are parallel to one another are formed 105 
in the block 18, the said bores lying per- 
pendicular to the bores 19 and 20 and, inter- 
secting these latter, in the same plane of 
the structural group. The bores 26 and 27 
lead out to a pump connection 28 and to a 110 
lifting cylinder connection 29, respectively, 
at one surfoce of the blodc 18. 

The bore 27 of tiie block 18, which bore 
is connected to the lifting cylinder 6 by way 
of the lifting cylinder connection 29 and 115 
partially representing the hydraulic pipe 13, 
extends to the opposite side of the block, 
where the connecting flange 30 of the hydro- 
pneumatic storage unit 14 is disposed at its 
other end. The different connections or 120 
imions are thus distributed around the blodc 
18 and easily accessible. The two large sur- 
faces of the paralldepipedic blodc 18 are 
available for mounting the blodc on the 
frame 1 of the agricultural madiine and thus 125 
provide for a solid fixhig. This can for ex- 
ample be effected by screw bolts, which ex- 
tend through bolt holes 31 and 32. 

If tiie mowing mechanism according to 
Figure 1 is to be brongjit into the operative 130 
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position, the multi-way valve 9 is broufljit 
into the •lower" position. The mowing 
mechanism is moved slowly downwards. The 
oil displaced by the piston of tiie lifting 

5 cylinder 6 is able to flow through the pres- 
sure-limiting valve 16 and the multi-way 
valve 9 into the tank 10. The pressure-limit- 
ing valve 16 closes as soon as the mowing 
mechanism bears on the ground. The mulu- 

10 way valve 9 Is once again brought into the 
neutnd or blowing position, as shorn in 
Figure 1. If now the mowing mechanism 
passes through a depression in the ground, 
tiie on is compressed in the cylinder 6. The 

15 pressure-limiting valve 16 cannot become 
operative, because the discharge of the oD 
is prevented by the neutral position of the 
multi-way valve. The quantity of oil dis- 
placed by the piston of the ifrting cylinder 

20 is forced into the hydropneumatic storage 
imit 14. This stored energy can be delivered 
again for the lifting or the ascent of the 
mowing mechanism from the ground dejjres- 
sion. In tills way, a particularly sensitive 

25 control and guiding of the mowing mecha- 
nism over unevennesses on the ground is 
adiieved. 

Thus, as described above, it is possible to 
eqaip the agricultural machine in a simple 
30 and inexpensive manner, so that a function- 
ing of the height movement complying with 
all requirements is easily produced. 

WHAT WE CLAIM IS:— 

35 1. An agricultural machine having a 
woridng implemmt arranged to be movable 
in hei^t, at least a part of the implement 
weight being supported by means or a lift- 
ing cylinder on the agricultural machine, the 

40 cylinder bemg connected by a multi-way 
^ve to a hydropump. wherein a valve sys- 
tem is connected between the lifting cylinder 
and the multi-way valv^ the said valve sys- 
tem consisting of a non-return valve which 

45 is open only upon feeding of the lifting 
cylinder with the pressurizing medium and 
a pressure-limiting valve which prevents the 
pressure of the said medium in the said 
cylinda falling bdow a predetermined level 

50 and is arranged in shunt with the non-retoin 
valve, and a hydropn^imatic storage unit 
connected to the hydraulic pipe between 
the pressure limiting valve and tiie lifting 
cylinder. 

55 Z An agricultural machine according to 



Qaim 1, wherein the said valve system and 
the storage unit are assembled to form a 
single structural part in a construction tee 
from piping. 

3. Ml agricultural machine according to ou 
Qaim 2. wherein the valve or valve system 
consists of a block in which are di^sed 
bores which are paralld to one anotiier and 

of vMch one is formed as the non-retum 
valve vdiich can be freed mechanically and 65 
the other is constructed as the pressure-limit- 
ing valve. 

4. An agricultural madilne according to 
Claim 3, wherein tiie bores which are paral- 
lel to one another are carried through to the 70 
surface of the block for adjustment and 
measurement purposes. 

5. An agricultural madiine according to 
Claim 3 or Qaim 4, wherein two additional 
bores which are parallel to one another are 75 
formed in the block these bores being dis- 
posed at ri|^t-an^es to tiie other pair of 
bores and In the same plane of the structure 
part while intersecting the said pair. 

6. An agricultural machine according to 80 
Qaim 5, wherem the additional bores are 
both led out as connections for the lifting 
cylinder and the pump at the same surface 

of the block. 

7. An agricultural madilne according to 85 
Claim 6, wherein the hydropneumatic stor- 
age unit is flanged on tiie surface opposite 
the said surface on to the other end of the 
bore which is the lifting cylmder connec- 
tion. 90 

8. An agricultural madiine accordmg to 
any one of Claims 3 to 7, wherein the block 
is made of parallelepipedic form. 

9. An agricultural machine according to 
any one of the preceding claims, wherdn 95 
the pressure-limiting valve is adjustable. 

10. An agricultural machine according 
to Qaim 9, wherein the pressure-limiting 
valve has a spring loaded valve motnber and 

the pretension of the spring can be in- 100 
fluenced by a set screw. 

11. An agricultural machine substan- 
tially as herdn described witii particular re- 
ference to tiie accompanying drawingis. 

NfEWBURN ELLIS & CO., 
Oiartered Pat^t Agents, 
70—72. Chancery Lane. W.C2. 
Agents for the Applicants. 
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